Regulation of urokinase production by androgens in human prostate cancer cells: effect on tumor growth and metastases in vivo.
During the complex multistep process of tumor progression, prostate cancer is initiated as an androgen-sensitive, nonmetastatic cancer, followed by a gradual transition into a highly metastatic and androgen-insensitive variety that lacks the expression of functional androgen receptors (AR). Urokinase (uPA), a member of the serine protease family, has been implicated in the progression of various human malignancies, including prostate cancer. Although uPA production is regulated by various growth factors and cytokines, the role of sex steroids (androgens) in regulating uPA gene expression in prostate cancer is poorly understood. In the current study, we have examined the role of androgens in regulating uPA production and the invasive capacity of the androgen insensitive PC-3 cells transfected with the full-length human AR complementary DNA (PC-3T). Restoration of androgen responsiveness in PC-3T cells caused a marked decrease in cell doubling time. Treatment of PC-3T cells with dihydroxytestosterone (DHT) caused a dose-dependent decrease in uPA messenger RNA and protein production, resulting in their decreased ability to invade through the Matrigel. Nuclear runoff assays revealed that these effects were attributable to the ability of DHT to inhibit uPA gene transcription. AR antagonist flutamide (Flu) reversed the effect of DHT on proliferation and invasion of PC-3T cells. Both control (PC-3) and experimental (PC-3T) cells were injected into the right flank of male BALB/c nu/nu mice. Control animals developed palpable tumors and microscopic tumor metastases at lymph nodes, lungs, and liver at 6-week posttumor cell inoculation. In contrast to this, because of androgen sensitivity of PC-3T cells, palpable tumors were observed only at week 12, with occasional tumor metastases in lungs. Furthermore, inoculation of PC-3T cells into surgically castrated host animals resulted in the development of tumors at a much earlier time (week 10) and a high incidence of metastases, compared with regular animals receiving PC-3T cells. Collectively, these results demonstrate the ability of androgen to regulate uPA production, which may directly effect prostate cancer growth, invasion, and metastasis in vitro and in vivo.